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826 Northeastern Chehkiang, China 

of any encroachments on the lake, no opposition has been made to 
the building of a dam opposite the village, for the purpose of regu- 
lating the fong-shii. 

The above will show that most of the failures to adapt on the 
part of the Chinese in northeastern Chehkiang are caused by" ignor- 
ance and superstition. The advent of modern education and of 
machinery, and, still more, the preaching of a religion which is in 
antagonism to all occult vagaries and superstition, will probably 
break down these failures and hindrances, so that a visitor fifty years 
hence may have a story to tell of almost complete adaptation. 
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Introduction 



So much has been written concerning the Yosemite Valley, that 
another contribution to the subject needs but a short preface. An 
elaborate description of the region would be out of place, since the 
salient features of the valley and its hanging tributaries are already 
familiar to geologists and geographers. Turner ("The Pleistocene 
Geology of the South-central Sierra Nevada, with especial refer- 
ence to the origin of Yosemite Valley, 1900") has reviewed the 
literature relating to this region published prior to 1900, with espe- 
cial reference to the theories of the origin of the Valley; and has 
described many of the topographic features in detail. He concludes 
that the Yosemite Valley was produced by normal stream erosion in 
extensively jointed rocks. Branner ("A Topographic Feature of 
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the Hanging Valleys of the Yosemite, 1903" ) has described the 
peculiar notches which frequently occur in the lips of the hanging 
valleys and has found in them confirmation of the theory that water 
and not ice was mainly effective in carving the main valley. In a 
short criticism of the paper by Turner, Gannett ("The Origin of the 
Yosemite Valley, 1901") expressed the opinion that "Yosemite is 
quite an ordinary and necessary product of glacial erosion. ,, Among 
other papers published since Turner's review, mention may be made 
of "Glacial Erosion and the Origin of the Yosemite Valley," by 
W. P. Blake (1900), a general discussion of the subject in which 
the author maintains the glacial origin of the Valley. In a paper on 
the "Profile of Maturity in Alpine Glacial Erosion," D. W. Johnson 
(1904) regards abnormally deep portions of Sierran valleys as the 
result of glacial deepening.- E. C. Andrews in discussing "Corrasion 
by Gravity Streams with Applications of the Ice Flood Hypothesis" 
(1909) treats the Yosemite as an ice-eroded channel. 

The following pages discuss the former altitude of the Merced 
River in the Yosemite region, as indicated by the gradient of the 
tributary streams; the cause of the later over-deepening of the 
Merced, by which the hanging valleys have been produced ; the pro- 
cess of valley widening in jointed rocks, considered in relation to the 
present width of the Yosemite Valley, and to the retreat of the lips 
of the hanging valleys ; the notches in the lips of the hanging valleys, 
and their relation to the problem of glacial erosion. 

The Former Elevation of the Merced River 

In an earlier number of the Bulletin (November, 1909) the writer 
set forth in some detail his reasons for believing that the gradient of 
tributary hanging valleys furnishes the best means of determining 
with reasonable accuracy the amount of over-deepening which a 
main valley has suffered. Without entering again into a detailed 
discussion of the limitations of the method, it may be noted that 
measurements of gradient used in determining over-deepening mani- 
festly should not be based in whole or in part upon the steep upper 
courses of tributaries, the over-steepened lower courses, very young 
streams having highly irregular longitudinal profiles, or very short 
streams. If measurements are restricted to the main portions of 
tributaries several miles in length which have more or less nearly 
attained to their profiles of equilibrium, the over-deepening of the 
main stream may be ascertained within fairly narrow limits, the 
danger of error being largely in the direction of an under-estimate 
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rather than an over-estimate. If a tributary has itself been over- 
deepened, the danger of under-estimating the over-deepening of 
J:he main valley is increased. 

The excellent topographic map of the Yosemite Valley (hereafter 
called the "Valley Map") recently prepared by F. E. Matthes, affords 
a very satisfactory basis for calculating gradients of such portions 
of streams as are shown thereon. Unfortunately, only the lower 
courses of the longer tributaries are here shown; but we may esti- 
mate the over-deepening of the Yosemite Valley on the basis of this 
map (Scale: 1 124,000), which represents elevations by means of 50- 
foot contours, and compare the results with similar estimates based 
on the "Yosemite Quadrangle" (Scale: 1:125,000), where more of 
the streams are shown, but the contour interval is 100 feet. In 

every case mentioned be- 
low the over-deepening 
has been determined by 
plotting the gradient of 
the portion of the stream 
mentioned (AB, Fig. 1) 
to natural scale, project- 
ing that .gradient out 
over the main valley to where it would have joined the former 
Merced (F), and determining its elevation above the present 
Merced (P). 

The Yosemite Creek flows southward through a hanging valley 
on the uplands of the Sierra to the Yosemite Falls, at which point it 
drops abruptly into the over-deepened main valley. Above the falls 
only about 2^ miles of the creek are shown on the Valley Map ; for 
the first mile above the falls (up to the 6,750 foot contour) the 
gradient is a little steeper than for the next mile and a half. If we 
consider the more gentle gradient found along the creek above the 
6,750 foot contour, we find that an elevation of about 6,575 feet is 
indicated as the former position of the Merced River. Considering 
the portion of the creek below the 6,750 foot contour, we. get as the 
former elevation of the Merced, 6,400 feet. Basing our calculations 
on the average fall of the creek above the falls so far as shown on 
this map, we get 6,425 feet as the former elevation of the Merced. 
Turning to the Yosemite Quadrangle, we may compute the gradient 
of the creek for the last seven or eight miles of its course above the 
falls ; and on the basis of this map we determine the former eleva- 
tion of the Merced as 6,475 f eet - As tne fl° or °f tne Yosemite Val- 
ley opposite the Yosemite Falls has an elevation of about 4,000 feet, 



Fig. i. 
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the amount of over-deepening which has occurred in the main valley- 
is, according to the four computations given above, from 2,400 to 
2,575 feet,+the depth of alluvium on the valley floor,+any over- 
deepening of the hanging valley effected by the glacier which 
moved through it (Turner, op. cit., p. 306). There is no reason to be- 
lieve that the valley of Yosemite Creek was materially modified by 
glacial erosion; but the depth of alluvium on the main valley floor 
may be such as materially to augment the estimated amount of over- 
deepening. 

The Valley Map shows practically the entire course of Indian 
Creek and of the East Fork of the same creek. Both of these are 
short streams, but in the portions of their courses above Indian 
Canyon both appear to have been graded with reference to a higher 
level of the Merced River. The gradient of Indian Creek for more 
than a mile above the head of Indian Canyon indicates as the former 
elevation of the Merced, 6,275 feet. A computation based on a 
simular portion of East Fork gives 6,400 feet as the indicated former 
level of the Merced. 

Snow Creek is a longer stream, and is only partly shown on the 
Valley Map. The gradient of so much of the stream (above its 
over-steepened lower course) as appears on the map indicates 6,300 
feet as the former elevation of the branch of the Merced into which 
it emptied. The average gradient for five miles along the course of 
Snow Creek, as shown on the Yosemite Quadrangle, indicates the 
somewhat higher elevation of 6,400 feet as the former position of the 
branch. 

The Valley Map represents the lower portion only of Bridal Veil 
Creek, and shows it to be remarkably steep. A glance at the larger 
relations as portrayed on the Yosemite Quadrangle reveals the fact 
that the lower course of Bridal Veil Creek has been over-steepened, 
and that the Bridal Veil Falls do not represent the whole amount of 
discordance in the junction of tributary and main stream. Basing 
measurements on five or six miles of the streams' course above the 
ungraded lower portion, we find 6,500 feet indicated as the approxi- 
mate former elevation of the Merced River. 

Illilouette Creek presents a strong contrast with the other streams 
mentioned above. Only the lower part of the creek is shown on 
the Valley Map, and for the first mile above the Illilouette Falls there 
are indications of over-steepening of its course ; but the gradient for 
four or five miles above the over-steepened portion, as measured on 
the Yosemite Quadrangle, indicates an elevation of but 5,750 feet as 
the former elevation of the Merced. If we make due allowance for 
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the over-steepened lower course of Illilouette Creek, the top of the 
Illilouette Falls would still be 700 feet lower than the top of the 
Yosemite Falls, or almost exactly the same elevation as the top of 
the Nevada Falls where the Merced River itself drops into the Yose- 
mite Valley, from the higher level of the Little Yosemite Valley. The 
Yosemite and Mt. Lyell Quadrangles afford unmistakable evidence 
that numerous active glaciers once existed throughout the head- 
water areas of Illilouette Creek. The glacial gathering ground of 
the Illilouette drainage basin is larger and according to the contour 
maps shows more evidence of modification by glacial action than 
that of the Yosemite Creek basin. If under apparently less favor- 
able conditions a glacier could extend from the headwaters of Yose- 
mite Creek to the main valley (Turner, op. cit., p. 306), it is reason- 
able to suppose that a glacier may likewise have extended from the 
headwaters of Illilouette Creek to its junction with the Merced 
River. Granting for the moment that glacial erosion is a possibility, 
the unusually low level of the Illilouette Valley is readily explicable 
on the basis of over-deepening effected by the Illilouette Glacier. In 
this connection it may be pointed out that the form of the lower 
Illilouette Valley above the falls, as shown by the map and as seen 
in the field, suggests the probability of modification by glacial action. 
Furthermore, of the glacial tributaries to the Yosemite Valley the 
Tenaya Glacier was probably the largest, with the Merced Glacier 
second, as pointed out by Turner (pp. 305, 306). That author men- 
tions the Yosemite Creek Glacier next, and says of the .Illilouette 
Glacier, "The Illilouette Glacier probably likewise reached the val- 
ley, but I have obtained thus far no positive evidence that it did so/' 
For reasons set forth above, I should rank the Illilouette Glacier 
third in probable size, and the Yosemite Creek Glacier fourth. 
Whether this order be correct or not, the degree of apparent modifi- 
cation of the valleys follows this same order; the Tenaya Canyon 
being most striking in form and depth, the Little Yosemite Valley of 
the Merced River next, Illilouette Valley third, while Yosemite 
Creek Valley shows very little evidence of modification. 

Tenaya Canyon and the Little Yosemite Valley are not considered 
as hanging valleys and therefore not used in the present computa- 
tions, for the obvious reasons that Tenaya Canyon does not "hang" 
but is more closely related in form and depth to the main Yosemite 
Valley; while Little Yosemite Valley, although at a higher eleva- 
tion, is the valley of the main river itself. Both will be referred to 
again in another connection. 

If we except the Illilouette Valley, there is a marked agreement 
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in the evidence furnished by the hanging valleys as to the former 
elevation of the stream with reference to which they were then 
graded. In .plotting the average gradients and computing elevations 
I have tried to estimate 25-foot divisions. The method does not per- 
mit sufficient accuracy to make the figures trustworthy within such 
narrow limits, when based on the maps mentioned. It seems safe 
to say, however, that the hanging valleys furnish convincing evi- 
dence that the Yosemite Valley has been over-deepened to the ex- 
tent of from 2,200 to 2,500 feet, at least. If we plot cross-profiles 
of the valley, and continue the curves of the walls below the alluvium 
of the valley floor in such a manner as to give the form of a typical 
glacial trough, we are led to infer a probable depth of alluvium of 
from 300 to possibly 1,000 feet; or a total over-deepening of 3,000 
feet or more. A minimum of "over 2,000 feet" is certainly a con- 
servative way of stating the amount of over-deepening. The cause 
of this profound over-deepening may be next considered. 

The Cause of Over-deepening 

In concluding his discussion of the origin of Yosemite Valley, 
Turner mentions four theories which had been advanced to account 
for the formation of the valley : 

1. That it was scooped out by ice (Muir). 

2. That it was a river-cut canyon, but that the vertical walls are 
due to the sapping action of ice (W. D. Johnson). 

3. That it was formed by a drop fault (Whitney, Reyer, Le- 
Conte? and Russell). 

4. That it was formed by river erosion facilitated by strong 
jointing (Becker, Branner, Turner). 

To the objections urged by Turner (p. 317) against the third of 
the above theories (faulting) may be added the following: the hang- 
ing valleys were evidently graded with reference to the Merced River 
and Tenaya Creek before the deep valley of the Yosemite was 
formed; the relation of tributaries to main stream has not been 
changed by the formation of the Yosemite Valley, except as regards 
their hanging character; hence, if the Yosemite Valley is a graben, 
the down-faulted block must have happened to coincide with the 
irregular course of the established Merced River, and must have 
sent off a branch graben at its eastern end to coincide with the 
already established Tenaya Creek. The fault theory is so improb- 
able that we must look to normal river erosion or glacial erosion 
for an explanation of the Yosemite Valley. 
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The character of the Merced Valley west of El Portal leaves no 
doubt that this portion of the valley was carved by the river which 
occupies it. A cross profile of this portion of the valley has the 
typical V-shape of a youthful stream gorge, the valley walls sloping 
steeply down to the water's edge in many places. So far as one 
could judge from car-window observations, the tributaries from 
Bear Creek to Moss Creek enter the Merced with essentially accord- 
ant junctions. The mountain spurs on either side of the valley inter- 
lock in such a manner as to prevent extensive views up or down the 
valley, and the railroad which follows along the river seems to be 
made up almost wholly of curves, with relatively few and short 
straight segments. All these are features which we should expect 
to find in a stream-carved valley, and all contrast strongly with the 
features encountered in valleys known to have been long occupied 
by important ice streams. We must therefore conclude that the 
valley west of El Portal was carved by the Merced River ; and this 
conclusion carries with it the reasonable inference that the Merced 
River east of El Portal has likewise been an efficient agent in valley 
making. Indeed, the existence of a well-developed normal valley 
system in this region prior to glaciation has been so well established 
by the studies of different geologists that the formation of the 
Yosemite Valley by ice erosion alone seems most improbable. 

On the other hand, it is generally agreed that river erosion alone 
will not account for all the features observed in the Yosemite. Of 
the geologists cited by Turner as accepting the river erosion theory, 
all three ascribe at least some erosive work to the glacier which is 
known to have occupied the valley, in such terms as "the process 
being completed by a glacier" (Becker), "ice deepened and modified 
it (Yosemite Valley) locally during the glacial epoch" (Branner, in 
personal communication), or "rounding off the projecting shoulders 
and spurs" by a glacier (Turner). The problem resolves itself into 
an evaluation of the relative importance of water erosion and ice 
erosion in the carving of the Yosemite Valley. Concerning this 
problem there still exist wide differences of opinion ; and it is there- 
fore pertinent to consider such evidence as the hanging valleys offer 
as to the process by which they were left in their hanging position. 

The geological history of the Sierra Nevada and the general prin- 
ciples of river erosion are sufficiently well understood to enable one 
to reconstruct with reasonable certainty the physiography of the 
Yosemite district before the Merced had cut its canyon. With this 
as a starting point, one may consider the later erosion history of the 
region ; first, on the assumption that the hanging valleys were in the 
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main produced by normal over-deepening of the Merced River ; and 
second, on the assumption that glacial erosion was largely respons- 
ible for the over-deepening of the Merced. 

It has been shown by Turner and others that during the Cre- 
taceous, Eocene and Neocene the region now occupied by the Sierra 
Nevada was reduced by subaerial erosion to a surface of relatively 
slight relief, drained by southwestward flowing rivers. Many of 
these rivers were displaced from their former channels by lava flows 
during the late Neocene, but it is believed that by the close of the 
Neocene or early in the Pleistocene the essential features of the pres- 
ent drainage pattern were established. Toward the end of the Neo- 
cene occurred the uplift of the Sierra block which greatly increased 
the gradient of the southwestward flowing streams, and caused them 
to incise the deep and narrow canyons which form one striking ele- 
ment in the present topography. The process of canyon cutting was 
well advanced before the advent of the glaciers, which ultimately 
occupied the summit of the range and made their way some distance 
down the canyons of the southwest-flowing streams. 

Remnants of the ancient erosion surface which formed the back 
(southwest) slope of the Sierra block, and beneath which the can- 
yons have been sharply incised, may be observed to advantage from 
various points on the trails about the Yosemite. Although it would 
appear that this part of the Sierra region was never so nearly base- 
leveled as some portions of southern New England or of the Pied- 
mont Belt, still the amount of relief on the intercanyon upland areas 
is so moderate as compared with the total relief, that one is very 
strongly impressed with the reasonableness of the interpretation 
which regards the back slope of the Sierra as an uplifted and dis- 
sected erosion surface. Whether the back slope has resulted from 
actual tilting, as hereafter assumed, or from a process of distributive 
faulting as suggested by Becker (63-67), is not essential to the pres- 
ent discussidn. It should be stated, however, that Becker's argu- 
ment against tilting, based on the failure of some of the streams to 
cut below their old Pliocene channels in their headwater areas, seems 
of doubtful value to the writer, inasmuch as it depends on the 
assumption that "uniform tilting would uniformly increase the grade 
of the streams flowing westward." This assumption would be true 
in the case of streams still flowing on the surface of a tilted block 
immediately after a rapid uplift; but is erroneous when applied to 
streams which have entrenched themselves after uplift, as have the 
Sierran streams. In like manner, Becker's appeal to the protective 
action of an ice cap over the high Sierra to account for deeper 
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canyon cutting farther down the slope seems unnecessary, as well as 
incompatible with the widespread evidence of glacial erosion in- 
stead of protection, in the glaciated areas. 

Consequent upon the uplifting and tilting of the partially base- 
leveled surface, the Merced and other large southwest flowing 
streams must have entrenched themselves very rapidly, while weaker 
tributaries deepened their valleys more gradually, especially if they 
flowed at right angles to the main stream and hence did not have 
their gradients affected by the southwest tilting. Thus the tributary 
valleys would come to hang above the main stream. The develop- 
ment of the hanging relation was presumably most pronounced along 
the middle courses of the Sierran rivers ; for near the western foot- 
hills the amount of uplift is so slight that no great discordance in 
junction of main and tributary streams is possible; while near the 
headwater areas the contrast in volume between the main stream and 
a tributary decreases to such an extent that one is about as power- 
ful as the other. Even if tilting increased the gradient of the main 
stream alone, in the headwater areas, there could hardly develop so 
great a discordance in junction as would occur farther down the 
valley where the main stream not only experienced the same increase 
in gradient, but was also a much more powerful stream than its 
tributaries. 

There is a distinct limit to the time during which hanging valleys 
can remain as such. As soon as a main stream has effectively en- 
trenched itself, and begins to establish a profile of gentle gradient, its 
energy decreases. The tributary streams continue to degrade their 
valleys until accordant junctions with the main stream are estab- 
lished. It is a well-substantiated law of stream action that the time 
required for a main stream to reduce its channel to a faint gradient 
and to open out its valley floor to a width not many times greater 
than the width of the stream, is longer than the time required for 
hanging tributaries to reduce their valleys to accordant junctions. 
Accordingly, while hanging valleys might exist along the Merced 
and similar rivers, especially along the middle courses of such rivers, 
so long as the main streams occupied narrow V-shaped gorges of 
fairly steep gradient, it is safe to say that the more open and flat the 
main valley floor became, the less would the tributary valleys hang; 
and that where the main valley floor had come to be several times 
wider than the stream, and of very low gradient, no hanging valleys 
would exist. 

If we proceed on the assumption that the glaciers which invaded 
the upper portions of some of the Sierra canyons were powerful 
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eroding agents, we arrive at certain conclusions directly opposed to 
those outlined above. Below (southwest of) the glaciated areas, 
hanging valleys entering V-shaped canyons might exist, as before. 
But in the headwater areas, instead of no hanging valleys, or hang- 
ing valleys developed on a smaller scale than farther down stream, 
these features might constitute a much more important element in 
the topography than elsewhere, because of extensive glacial over- 
deepening of favorably located headwater valleys. And since an 
eroding glacier would carve for itself a channel far wider than the 
ordinary stream channel, and might reduce or even reverse the 
gradient of any valley into which it came, we should expect, after 
the disappearance of the ice, to find the hanging valleys associated 
with a wide open main valley (the channel of the former glacier) 
whose floor might be occupied by lakes, or by a debris plain over 
whose flat surface the main stream would wander at will. 

An examination of the maps and literature of the Sierra region 
shows that hanging valleys are not an uncommon feature of Sierran 
topography, even in unglaciated districts. Apparently, the uplift 
and tilting of the ancient surface of erosion was sufficient to cause 
the main streams to entrench themselves faster than many of the 
tributaries. The hanging effect thus produced still persists in a 
number of the tributaries, especially where the tributaries are much 
smaller and weaker than the main stream. But the distribution and 
character of hanging valleys in the Sierras is very significant. In 
the first place, they are not best developed along the non-glaciated 
middle course of the Merced River, as we should expect if they are 
due to stream erosion alone, but are far more impressive in the 
heavily glaciated Yosemite Valley region, and even farther east ; that 
is, in the headwater portion of the system. Indeed, it is difficult to 
find typical hanging valleys of any size below the limit of glaciation 
at El Portal. Even small streams, such as Ned Gulch, have there 
effectually reduced their valleys to accordant junctions with the still 
youthful Merced. Bear Creek, however, is so steep for the lower 
two miles of its course that it suggests an over-deepening of the 
Merced of possibly 800', although the process of grading the creek 
valley is so far advanced that no typical hanging valley exists. The 
North Fork of the Merced River, as shown on the Sonora Quad- 
rangle, is likewise over-steepened for the last mile of its course ; the 
average gradient of the main part of the North Fork valley would, 
if continued, intersect the Merced Valley 250' above its floor. Bull 
Creek, in turn, has an average gradient for eight miles along its 
course which would intersect the North Fork, to which the creek is 
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tributary, something less than 400' above the present level of the 
Fork. It is apparent that these hanging valleys, whose features are 
not typical, and whose discordance in junction is usually but a few 
hundred feet, are not to be compared with the hanging valleys of the 
Yosemite, where tributary streams cascade abruptly down the main 
valley walls, and have a quite uniform discordance in junctions of 
more than two thousand feet. 




Fig. 2— Yosemite Valley looking east. 



The hanging valleys west of El Portal enter a narrow-bottomed 
gorge of fairly pronounced gradient. The hanging valleys of the 
Yosemite enter a main valley (Figure 2), whose floor is many times 
the width of the main stream, and whose gradient is unusually low. 
In this contrast we find further evidence that the hanging valleys of 
the two areas are of different origin. 
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It appears, then, that the character and distribution of the hanging 
valleys along the Merced are just the reverse of what we should 
expect, assuming stream erosion to be the only important factor in 
their formation; but accord perfectly with the theory which admits 
extensive glacial erosion in the headwater areas, and accelerated 
river erosion farther downstream. Extensive over-deepening of the 
Yosemite Valley by glacial erosk seems to me as necessary a con- 
clusion as the formation of the V gorge of the lower Merced by 
river erosion. Judging from the relations of the tributaries west 
of El Portal, from the character of the longitudinal profile of the 
Merced itself (described below) and from the position of the Yo- 
semite near the headward portion of the Merced basin, I should 
imagine that little if any of the observed over-deepening of the 
Yosemite is to be charged to the acceleration of the Merced in pre- 
glacial times; and that glacial erosion is responsible for the major 
part of the more than two thousand feet of over-deepening observed, 
plus the unobserved amount concealed by alluvium on the valley 
floor. 

(To be concluded.) 



EXPLORATIONS IN DUTCH NEW GUINEA 

Dr. Lorentz' s Ascent of Wilhelmina Peak 

We were almost completely ignorant of the interior of Dutch 
New Guinea until the explorations that were begun in 1903 by the 
geologist and historian, Prof. Dr. C. E. A. Wichmann. He, how- 
ever, made Humboldt Bay on the north coast the chief scene of his 
labors. His work was followed by the South- West New Guinea 
Expedition in 1904- 1905, led by Captains Posthumus Meyes and 
De Rochemont, who discovered East Bay and the North River on 
the south coast. Various other parties have contributed to our in- 
formation; and Dr. H. A. Lorentz led expeditions into southern 
Dutch New Guinea in 1907 and 1909. In January and February last 
Dr. Lorentz gave a lecture on his last explorations before the Royal 
Geographical Society in London and the Scottish Geographical 
Society in Edinburgh, and the paper is printed both in the Geo- 
graphical Journal for May and in the July number of the Scottish 



